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SUMMARY 

A recombinant baculovirus-expressed hybrid protein containing epitopes for the C-terminal fragment of the Plasmodium 
falciparum precursor to the major merozoite surface antigens (PMMSA) and the tetrapeptide repeats of the circum- 
sporozoite protein (CSP) was assessed for its immunogenicity. Murine MHC-I I restriction of the antibody response to 
the CSP repeats was not overcome by the PMMSA component, the response to which showed no restriction. In an 
adjuvant trial the highest antibody tttres in rabbits to both components of the hybrid were obtained using Freund's 
adjuvant. Lack of a boosting antibody response to the CSP repeats appeared to be linked to the conformation of the 
PMMSA component. Formulation of the hybrid protein into Iscoms gave antibody titres of only short duration to both 
components. 
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INTRODUCTION 

The possibility of vaccinating against malaria has led 
to an intensive effort aimed at identifying and 
characterizing malaria proteins implicated in a 
protective host response, resulting in several clinical 
trials of candidate Plasmodium falciparum malaria 
vaccines in both primates and humans with varying 
degrees of success (Patarroyo et al. 1988; Rodriguez 
et al 1990; Ruebush et al. 1990; Etlinger et al 1991 ; 
references in Murphy et al. 1990). 

A candidate P. falciparum malaria vaccine SC 26 42, 
a hybrid protein containing 26 tetrapeptide repeats 
from the immunodominant sporozoite surface anti- 
gen, the circumsporozoite protein (CSP) and the 293 
amino acid C-terminal 42kDa fragment of the 
precursor to the major merozoite surface antigens 
(PMMSA) has been expressed in E. coli (Holder, 
Lockyer & Hardy, 1988) and in insect cells using 
baculovirus vectors (Murphy et al. 1990). The latter 
system was exploited because it allowed the ex- 
pression of conformational determinants constrained 
by disulphide bonds which are not maintained in 
E. coli, and which may be important in protective 
immunity. 

In this study we have examined the immuno- 
genicity of the baculovirus-expressed hybrid protein 
with different adjuvants including its assembly into 
Iscoms, and the possible carrier role of the merozoite 
component in overcoming genetic restriction to the 
CSP repeats. 



MATERIALS AND METHODS 

Construction of a hybrid gene to express both CSP 
and PMMSA Plasmodium falciparum sequences 
and expression in insect cells 

These methods have been described previously 
(Holder et aL 1988; Murphy et al 1990). The 
transfer vector pSC £6 42 encodes a polypeptide, 
SC SS 42, of approximately 55 kDa, constituting es- 
sentially the PMMSA signal peptide(S), 26 NANP 
repeats from the CSP (C 26 ) and tVie C-terminal 293 
amino acids (42) of PMMSA (Wellcome strain). In 
the vector pSC 26 42JA, a linker containing trans- 
lational stop codons upstream of the putative 
hydrophobic membrane anchor coding sequence 
allows secretion of the expressed anchor-deleted 
antigen, SC 26 42JA, from infected insect cells 
(Murphy et al. 1990). S42JA is encoded by a 
baculovirus vector lacking the 26 CSP repeats. An 
antigen of about 62 kDa expressed in E. coli, trpE- 
C 26 42 in which the signal sequence is replaced by 1 16 
amino acids of the E. coli trpE protein, was used in 
part of this work (Holder et aL 1988). 

Antigen purification 

Spodoptera frugiperda (SO cells (IPLB Sf21) were 
grown in suspension cultures as previously described 
(Murphy et al. 1990). Recombinant viruses were 
scaled up from plaques and grown on a large scale in 
suspension on roller bottle cultures (Summers & 
Smith, 1987). 

Four days after infection, pSC 2$ 42-infected Sf 
cells were harvested by centrifugation. Protein was 
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extracted using 1 % it-octyl glue side (OG, Sigma), 
in 25 mM Tris, pH 8*0, with protease inhibitors 
(10/«g/ml chym statin; 5 mM EDTA; 100^g/ml 
leupeptin; 10/«g/ml pepstatin; 0-1 mM PMSF). 
After centrifugation at 10000 £ f r 20min the 
supernatant fraction was loaded ont a Mab 111.4 
affinity column (coupled at 5 mg IgG/ml swollen 
Sepharose 4B; Holder et al. 1987) equilibrated with 
1 % OG in 25 mM Tris, pH 8 0. The column was 
washed with the same buffer, followed by a second 
wash with 1 % OG in 25 mM Tris, pH 8 0, 500 mM 
NaCl. SC 26 42 was eluted with 1 % OG in 01 m 
citrate, pH 2*5 and neutralized by addition of 1 mM 
Tris, pH 8-8. The protein was concentrated by 
ultrafiltration (Amicon). The anchor-deleted anti- 
gen, SC 86 42JA, was purified from culture super* 
natants of SC 26 42 JA-infected Sf cells 4 days post- 
infection. A sample of 200 ml of culture supernatant 
was loaded onto a Mab 111.4 affinity column as 
above but pre-equilibrated with phosphate-buffered 
saline (PBS), 0-05% Tween 20, 0-02% NaN 3 . The 
column was washed with 200 ml of PBS, 0-05% 
Tween 20, and the antigen eluted with 8 M urea, 
20 mM 6u-Tris-propane, pH 7-2. Eluted antigen 
fractions were checked for purity by SDS-PAGE 
analysis, transfer to nitrocellulose and probing with 
Mab 111.4. S42JA was purified using the same 
protocol as for SC M 42JA. 

The E. co/t-expressed antigen trpE-C M 42 was 
purified as previously described (Holder et al. 1988). 



Coupling of P. falciparum CSP-peptide to 
ovalbumin 

Synthesis of the peptide sequence (5-acetamido- 
methyl) cysteine-(Asn-Ala-Asn-Pro) 4 -Asn-Ala has 
been described previously (Holder et al. 1988). A 
total of 49/tmole (2-25 mg) ovalbumin was coupled 
to M /tmole (2-25 mg) peptide in 500 /d of 0 05 m 
sodium phosphate, pH 7-8 by dropwise addition of 
125 /d of 0-2% glutaraldehyde solution in the same 
buffer over lb with stirring. The mixture was 
stirred for a further hour and dialysed overnight 
against PBS. 



Production of monoclonal antibody 300.1 

C57BL/6 mice were immunized 3 times with 50 fig 
(NANP) 4 -BSA conjugate. The first 2 immunizations 
were intraperitoneally in Freund's complete adju- 
vant (FCA) and the third intravenously in Freund's 
incomplete adjuvant (FIA). Spleen cells from 
immunized mice were fused with P3-x63-Ag8-653 
myeloma cells (BALB/c) 3 days after the final 
immunization as previously described (Kearney et 
al. 1979; Crowe et al, 1984). Fusion supernatants 
were screened by ELISA. PVC microtitre plates 
were coated with CSP peptide-ovalbumin and serial 



dilutions of the fusion supernatants added. After 
incubation and washing, antibody binding was 
detected with anti-mouse IgG conjugated to h rse- 
radish peroxidase, addition of 3,3',5,5'- 
tetramethylbenzidine (TMB) substrate and measure- 
ment of absorbance at 450 nm. Positive Mabs were 
screened a second time using microtitre plates coated 
with CSP peptide alone and finally with SC^JA. 
One Mab, 300.1, was used for measurements of CSP 
repeat antibody titres. 



Adjuvant studies 

The antigen was emulsified with 0-5 ml of FCA 
(Sigma) or mixed with 250 mg saponin or 250 mg 
Alhydrogel (Superfos) in a final volume of 1 ml for 
each dose. Pluronic droplets were prepared by 
emulsifying 10% (v/v) squalene and 5% (v/v) 
Pluronic L121® in PBS containing 0-4% Tween 80. 
For each dose, 100 ^g antigen in 0-5 ml PBS/0-4% 
Tween 80 was mixed with an equal volume of 
emulsion. Syntex Adjuvant Formulation (SAF, 
Allison & Byars, 1986) was prepared by the addition 
of 0-25 ml of threonyl-MDP to the antigen in 
PBS/0-4% Tween 80 prior to mixing with pluronic 
droplets. 



Iscoms 

Iscoms containing SC 28 42 were prepared by 
mixing cholesterol/phosphatidyl choline (10 mg/ml 
cholesterol + 1 0 mg/ml phosphatidyl choline in 20 % 
(v/v) Mega 10) and QuilA (10 mg/ml) (gifts from Dr 
B. Sunquist, Iscotech) in a 1 : 1 molar ratio with 20 /d 
of 1-2 mg/ml SC 86 42 and 80 fi\ of Mega 10, and 
dialysed overnight against 50 mM Tris, pH 7-2, 
100 mM NaCl (TN). 

Iscoms were fractionated by centrifugation in 
sucrose gradients. Samples of 50 /d vol. were loaded 
onto 10-50 % gradients in TN buffer and centrifuged 
in a Beckman SW50 rotor 4 h at 1 50000 £. Iscoms 
incorporating SC 86 42 were localized in the 
fractionated gradients by ELISA using either the 
CSP repeat Mab 300.1 or polyclonal rabbit S42AA 
antiserum for detection. The particles had a typical 
Iscom morphology as shown by scanning electron 
microscopy and a sedimentation coefficient of 19S. 



Antisera 

For the adjuvant study rabbits (2/group) were 
immunized intramuscularly with 100^g of 
SC 26 42^A, while a third animal received adjuvant 
alone, with further immunizations after 28 and 49 
days. Serum samples were collected 14, 35 and 63 
days after the first immunizati n. Animals which 
received FCA in the first injecti n subsequently 
received FIA. In the follow-up study rabbits were 
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Table 1. Murine T-cell proliferative respons to SC 26 42JA 

(Mice were immunized subcutaneously in the tail base with 50 /«g antigen in FCA alone. After 10 days the proliferative 
response was measured as described in the Materials and Methods section. The Stimulation Index (SI) was calculated as 
the mean cpm of duplicate antigen-stimulated lymph node cell cultures divided by the mean cpm of unstimulated controls 



Cpm incorporation in vivo 





Immune LNC 






Control LNC 






Mouse strain H-2 


42 (SI) 


NANP (SI) 




42 (SI) 


NANP (SI) 




C57BL/6 b 
B10.S s 
B10.D2 d 
CBA/T6T6 k 


48653 (70) 
81060 (5-8) 
89786(15*1) 
141456 (161) 


35726 (5*1) 
12136 (0-9) 
7611 (1-3) 
14518 (1*7) 


6976 
4090 
5942 
8772 


9318 (2*1) 
8686(1-6) 
5568 (2-5) 
49254 (2*5) 


5653 (1-3) 
5271 (10) 
2713 (1-2) 
25846 (1-3) 


4530 
5532 
2261 
20046 



immunized using Freund's and a similar schedule 
with either SC 26 424A (baculovirus), trpE-C 26 42zf A 
(E. coli) or 100 /eg CSP peptide-ovalbumin. 

For the dose-response study using Iscoms, 5 
groups of 4 C57BL/6 mice were immunized sub- 
cutaneously with 01, 1, 3, 5 or 20 p% SC 26 42/Iscoms 
with booster immunizations after 1 week. Serum 
samples were taken 1 week after each immunization 
and assayed by ELISA for antibody responses to the 
hybrid. In rabbit immunization studies, groups of 2 
animals received 25 /ig SC 2e 42/Iscoms intra- 
muscularly with a boost after 28 days. Control 
animals received the equivalent amounts of QuilA/ 
cholesterol mix without antigen, and a third 
group SC 26 42 in FCA (boosting was in FIA). 
Serum samples were taken every 2 weeks for 12 
weeks. 



Analysis of the antibody response 

The serum antibody response was monitored by 
ELISA. PVC microtitre plates were coated with 
either CSP peptide or S42JA and serial dilutions of 
the antisera added. After incubation and washing, 
antibody binding was detected with anti-rabbit IgG 
coupled to horseradish peroxidase IgG (Sigma) and 
TMB substrate and A450 values read. 



T-cell proliferation studies 

B10.S and CBA/T6T6 mice were bred in our own 
animal facility. C57BL/6 and B10.D2 mice were 
btained from OLAC. Groups of 2 mice were 
immunized subcutaneously in the base of the tail 
with 50 /ig SC 26 424A in FCA or with FCA alone. 
Ten days later lymph nodes were removed and 
duplicate single cell suspensions made. Clicks EH AA 
medium supplemented with 2mM L-glutamine, 
lOOiu/ml penicillin/streptomycin, 5x10* 6 m ft- 
mercaptoethanol and 0*5% normal mouse serum 
was used for in vitro culture. Lymph node cells 



(4 x10 s ) were stimulated with antigen (S 42 JA or 
CSP peptide) at a final concentration of 12*5 /eg/ml 
in a volume of 200 p\. DNA synthesis was measured 
by pHJthymidine incorporation after 3 days of 
culture. 



RESULTS 

Restriction of the murine T-cell response to 
SC 26 42dA in inbred strains 

Table 1 shows the proliferative response of 4 inbred 
mouse strains to each component of the hybrid 
protein. The strain C57BL/6 with the MHC II 
haplotype H2 b was the only strain showing a 
significant response to the NANP repeats of the CSP 
(Stimulation Index [SI] = 5*1). In contrast all the 
tested strains responded to the PMMSA component, 
although there was a 3 -fold variation observed in the 
degree of response (SI = 5-8-16-1). 

Antibody response to SC Z9 42dA with different 
adjuvants 

The hybrid protein was used to immunize rabbits in 
an adjuvant study and the antibody response to each 
component measured (Fig. 1). All animals made a 
primary response to both S424A and the CSP 
repeats (three animals 716, 712 and 706, one from 
each of the groups receiving pluronic droplets, SAF 
and saponin respectively, gave a poor anti-S42JA 
response to the first immunization; 716 and 712 also 
responded poorly to the CSP component). There 
was a boosting response to S424A with all adjuvants 
after the second immunization (Fig. 1 A), which was 
not observed with the CSP repeats, where the titres 
fell over the subsequent 7 weeks. The CSP repeat 
titres of the animals receiving the antigen with 
pluronic droplets and one animal (712) receiving 
SAF showed a m dest boosting response after the 
second immunization but the titres subsequently fell 
as with the other adjuvants. Of the adjuvants tested, 
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14 28 42 56 
Days post-immunization 

Fig. 1 . Antibody response of rabbits to SC M 42J A with 
different adjuvants measured by ELISA. (A) Response 
to S42JA; (B) response to C M using S42JA and 
CSP-ovalbumin conjugate respectively to coat the 
microtitre plates. The ELISA values are the mean 
of duplicate readings. The data represent 1 in 3200 
serum dilution values. Arrows indicate the time of 
booster immunizations. (□) Freund's; (A) saponin; (■) 
SAF; (A) pluronic droplets; (O) Alhydrogel. 



Freund's gave the best antibody response against 
S42JA, with Alhydrogel and pluronic droplets the 
poorest. There was greater individual variation 
within each adjuvant group in the CSP repeat 
responses, but the highest titres against the latter 
were again obtained using Freund's. The peak titre 
values against both components of SC 26 424A were 
greater than 1 in 12000. 

An approach to understanding the basis for the 
lack of boosting to the CSP component of the hybrid 
protein was made in a second series of experiments. 
Rabbits were immunized with either SC ae 424A 
(baculovirus), trpE-C M 42 (E. colt) (Holder et al 
1988) or with the CSP repeat-ovalbumin peptide 
conjugate alone, using the same schedule to that 
described above. Fig. 2 shows that the lack of 
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Fig. 2. Comparison of the CSP repeat antibody response 
of rabbits using hybrid antigen expressed in baculovirus 
(SC M 42JA) and E. coli (trpE-C 26 42). The A 460 ELISA 
figures are the mean of duplicate values for 2 rabbits at 
each time-point after immunization using 
CSP-ovalbumin as the capture antigen. The data 
represent 1 in 3200 serum dilution values. Arrows 
indicate the time of booster immunizations. (□) 
SC W 42/1A from baculovirus; (A) tipE-C M 42 from 
E. coli; (O) CSP-ovalbumin conjugate. 

boosting of the anti-CSP repeats response observed 
with the baculovirus-expressed protein did not occur 
with the hybrid protein expressed in E. coli although 
there was initially a similar fall in antibody titre prior 
to the second immunization. There was also a normal 
boosting response to the CSP repeats alone. All 
animals immunized with SC 28 42JA or trpE-C 2e 42 
gave a normal boosting response to S42JA (not 
shown). 

The antibody responses to both the sporozoite and 
merozoite components of mice immunized with 
SC 26 42/Iscoms were barely detectable with no 
boosting and no dose-response effect (not shown). In 
rabbits boosting responses were obtained to both 
components (Fig. 3). One animal (812) showed a 
significantly higher antibody response to each com- 
ponent but the pattern of the S42 response was 
similar in both animals ; animal 811 responded poorly 
to the CSP repeats. The magnitude of the peak 
antibody response of animal 81 2 to both components 
was similar to that of animals which received antigen 
with Freund's adjuvant but the titres of both animals 
receiving SC 26 42/Iscoms were not maintained and 
began to fall 6 weeks post-immunization. It is also 
apparent from the results of Fig. 3 that, in contrast 
to SC 26 42JA ( the presence of the PMMSA 
C- terminal anchor on the antigen allowed normal 
boosting of the response to the CSP repeats in 
animals immunized with Freund's adjuvant. 

Lymphoproliferative studies showed that T-cells 
from C57BL/6 mice immunized with SC 28 42/ 
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Fig. 3. Antibody response to SC 26 42 in Iscoms. Groups 
of 2 rabbits were immunized with SC 28 42/ Iscoms (O) 
as described in the Materials and Methods section. The 
responses to Iscoms with no incorporated antigen (□) 
and SC aa 42 in Freund's adjuvant (A) are also shown. 
The A 4S0 ELISA values are the mean of duplicate 
readings at a 1 in 1250 dilution using S424A (A) or 
CSP-ovalbumin conjugate (B) as the capture antigen. 
Arrow indicates the time of booster immunization. 

Iscoms proliferated upon challenge with S42JA 
(SI = 13) a similar degree of stimulation observed 
with SC a6 42/Freund's (SI = 12-5). By contrast there 
was no detectable proliferative response to the CSP 
repeats using SC 26 42/Iscoms where an SI of 9 was 
obtained with the antigen in Freund's (not shown). 

DISCUSSION 

A hybrid merozoite/sporozoite recombinant malaria 
antigen expressed by baculovirus in insect cells has 
been shown to elicit an antibody response in rabbits, 
and a Iymphoproliferative T-cell response in mice. 
One reason for designing such a hybrid was the 
possibility that the PMMSA sequence might act as a 
carrier molecule for the CSP sequence in genetically 
non-responder animals. However, the response to 

33 



the CSP repeats was restricted to H-2 b mice as 
previ usly shown for the repeats alone (Del Giudice 
et al 1 986 ; Togna et al. 1 986 ; Good et al 1 986). The 
anti-42 response showed no MHC II restriction 
which has also been demonstrated for purified 
PMMSA (Chang et al 1989). 

Inclusion of the CSP T-cell epitope Th2R (Good 
et al. 1987) in the antigen might overcome restriction 
of the CSP response, as was observed in a study 
using a hybrid CSP/ liver-stage synthetic peptide 
molecule (Londono et al. 1990). However, the 
heterogeneity in this region in parasite populations 
probably precludes this option (Lockyer, Marsh & 
Newbold, 1989). A second possibility is the addition 
of a cysteine residue to the N-terminus of the CSP 
repeats which Rzepczyk et al. (1990) showed capable 
of overcoming H-2 b restriction. 

The adjuvant study in rabbits underlined the 
superiority of Freund's over the other adjuvants 
tested in the response to the PMMSA component, 
and the results emphasize the need for an adjuvant 
with the efficacy of Freund's for human use. The 
significant variation observed in the magnitude of 
the antibody responses of animals within some 
groups, particularly against the CSP repeats prob- 
ably reflects the fact that the rabbits are outbred. 

The lack of boosting of the anti-CSP repeat 
response appears to be related to the conformation of 
the PMMSA component. Previous experiments 
showed that certain Mabs recognizing the C- 
terminal 42 kDa PMMSA fragment fail to recognize 
the reduced antigen but that this recognition is 
restored under non-reducing conditions where the 
correct disulphide bonds can form (Holder et al 
1988). Murphy et al. (1989) showed that these 
conditions are fulfilled with ih»? baculovirus ex- 
pression system used in these experiments. However, 
the hybrid antigen expressed in the reducing en- 
vironment of E. colit where the correct conformation 
is not adopted, elicited a boosting antibody response 
to the CSP repeats after a small drop in titre. It is 
possible that the Correctly* folded PMMSA com- 
ponent exerts an intramolecular suppressive effect 
on the response to the CSP repeats, perhaps due to 
steric hindrance rendering the repeats relatively 
inaccessible. This is supported by the observation 
that in quantitative ELISA assays capture of the 
PMMSA component of SC 26 42JA by the 
conformation-specific Mabs 111.4 or 111.2 (Holder 
et al. 1988) precluded detection of the CSP com- 
ponent by Mab 300.1. This problem was also 
observed when 300.1 served as the capture Mab and 
Mab 1 1 1.4 or 1 1 1 .2 was used for detection (data not 
shown). It may also be possible to circumvent this 
problem either by reversing the order of the hybrid 
(i.e. S42C 26 /JA) or by separately immunizing with 
each component of the hybrid. The latter, of course, 
confounds the original advantage of purifying a 
single, bi-functional antigen. Interestingly, the ad- 
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diti n of a hydr phobic anchor als overcame the 
suppressive effect but the yield of this pr tein, which 
is not secreted, was much lower than that of the 
anchor-deleted hybrid. 

The reasons for the poor immunogenicity of 
SC 29 42/Iscoms in mice are not clear. The C57BL/6 
strain is a responder strain for an anti-NANP 
response and we have shown that there is no MHC 
Class II restriction of the anti-42 response. The 
poor duration of antibody responses to the hybrid 
antigen in Iscoms was both surprising and un- 
expected, since their adjuvant properties have 
already been demonstrated for various viral and 
microbial antigens, both in terms of immunogenicity 
and protective efficacy (Morein, Lovgren & 
Hoglunds, 1989). Although the above experiment 
did not allow testing for protection, which may rely 
on cell-mediated immune mechanisms, C57BL/6 
mice immunized with SC 2S 42/Iscoms failed to show 
a lymphoproliferative T-cell response to the CSP 
repeats and the response to the PMMSA component 
was also poor (data not shown). ELISA monitoring 
of Iscoms showed that both Mab 111.4 and 300.1 
recognized the hybrid protein in Iscoms, and both 
their 19S value and ultrastructural morphology were 
consistent with correct Iscom structure. Since 
SC M 42 in Freund's adjuvant produced titres of 
longer duration it appears that the packing of the 
protein into the Iscom has a deleterious effect on the 
immunogenicity of both components. The problem 
may again be related to antigen conformation and it 
would be interesting to ascertain whether im- 
munization of animals with Iscoms containing only 
one component would give higher titres and im- 
proved T-cell responses. More work is clearly needed 
to elucidate further and resolve the problems in the 
present study, before the hybrid antigen can be 
considered for use as a human vaccine. 



We thank Robert Bomford for advice on the use of 
adjuvants and Bo Sunquist (Iscotech) for his help and 
instruction on the synthesis of Iscoms. 



REFERENCES 

allison, a. c. & byars, N. E. (1986). An adjuvant 
formulation that selectively elicits the formation of 
antibodies of protective isotypes and of cell-mediated 
immunity. Journal of Immunological Methods 95, 
157-68. 

CHANG, S. P., HUI, C. S. N., KATO, A. & SIDDIQUI, W. A. 

(1989). Generalized immunological recognition of the 
major mero2oite surface antigen (gpl95) of 
Plasmodium falciparum. Proceedings of the National 
Academy of Sciences, USA 86, 6343-7. 

CROWE, J. S., LAMONT, A., BARRY, J. D. & VICKERMAN, K. 

(1984). Cytotoxicity of monoclonal antibodies to 
Trypanosoma brucei. Transactions of the Royal Society 
of Tropical Medicine and Hygiene 78, 508-13. 



DEL GIUDICB, C, COOPER, J. A., MERINO, ]., VERDIN1, A. S„ 
PESS1, A., TOGNA, A. R., ENGERf, H. D., CORRADIN, G. & 

lambert, p.-H. (1986). The antibody response in mice 
to carrier-free synthetic polymers of Plasmodium 
falciparum circumsporozoite repetitive epitope is I-A b 
restricted : implications for malaria vaccines. Journal 
of Immunology 137, 2952-5. 

ETLINGER, H. M., CASPERS, P., MATILE, H., SCHOENFELD, 
H. J., STUEBER, D. & TAKACS, B. (1991). Ability of 

recombinant or native proteins to protect monkeys 
against heterologous challenge with Plasmodium 
falciparum. Infection and Immunity 59, 3498-503. 

GOOD, M. F., BERZOFSKY, J. A., MALOY, W. L., HAYASKI, Y„ 
FUJII, N., HOCKMEYER, W. T. & MILLER, L. H. (1986). 

Genetic control of the immune response in mice to 
Plasmodium falciparum sporozoite vaccine. Widespread 
non-responsiveness to single malaria T epitope in 
highly repetitive vaccine. Journal of Experimental 
Medicine 164, 655-60. 

GOOD, M. F., MALOY, W. L., LUNDE, M. N., MARGALIT, H., 
CORNETTE, J. L., SMITH, G. L., MOSS, B., MILLER, L. H. & 

berzofsky, j. a. (1987). Construction of synthetic 
immunogen: use of new T-helper epitope on malaria 
circumsporozoite protein. Science 235, 1059-62. 

HOLDER, A. A., LOCKYER, M. J. & HARDY, G. W. (1988). A 

hybrid gene to express protein epitopes from both 
sporozoite and merozoite surface antigens of 
Plasmodium falciparum. Parasitology 97, 373-82. 

HOLDER, A. A., SANDHU, J. S., HILLMAN, Y„ DAVEY, L. S., 
NICHOLLS, S. C, COOPER, H. & LOCKYER, M. J. (1987). 

Processing of the precursor to the major merozoite 
surface antigens of Plasmodium falciparum. 
Parasitology 94, 199-208. 

KEARNEY, J. F., RADBRUCH, A., LIESEGANG, B. & RAJEWSKY, 

K. (1979). A new mouse myeloma cell line that has 
lost immunoglobulin expression but permits the 
construction of antibody-secreted hybrid cell lines. 
Journal of Immunology 123, 1548-50. 

LOCKYER, M. J., MARSH, K. & NEWBOLD, C J. (1989). Wild 

isolates of Plasmodium falciparum show extensive 
polymorphism in T-cell epitopes of the 
circumsporozoite protein. Molecular and Biochemical 
Parasitology 37, 275-80. 

LONDONO, J. A., GRAS-MASSE, H., DUBEAUX, C, TARTAR, A. & 

druilhe, p. (1990). Secondary structure and 
immunogenicity of hybrid synthetic peptides derived 
from two Plasmodium falciparum pre-erythrocytic 
antigens. Journal of Immunology 145, 1557-63. 

MOREIN, B., LOVGREN, K. tt HOG LUND, s. (1989). 

Immunostimulating complex (ISCOM). In 
Immunological Adjuvants and Vaccines, vol. 179 (ed. 
Gregoriadis, G., Allison, A. C. & Poste, G.), pp. 
153-161. New York and London: Plenum Press. 

MURPHY, V. F„ ROWAN, W. C, PAGE, M. J. & HOLDER, A. A. 

(1990). Expression of hybrid malaria antigens in insect 
cells and their engineering for correct folding and 
secretion. Parasitology 100, 177-83. 

PATARROYO, M. E., AMADOR, P. J., MORENO, A., GUZMAN, F., 
ROMERO, P., TASCON, R., FRANCO, A., MURILLO, L. A., 

ponton, g. & trujillo, G. (1988). A synthetic vaccine 
protects humans against challenge with asexual blood 
stages of Plasmodium falciparum malaria. Nature, 
London 332, 158-61. 



Hybrid malaria antigen immunogenicity 

RODRIGUEZ, R., MORENO, A., GUZMAN, F-, CALVO, M. ft 

patarr yo, m. e. (1990). Studies in owl monkeys 
leading to the development of a synthetic vaccine 
against the asexual blood stages of Plasmodium 
falciparum. American Journal of Tropical Medicine and 
Hygiene 43, 339-54. 

RUEBUSH, T. K. t CAMPBELL, C. H., MORENO, A., PATARROYO, 

M. e. & collins, w. E. (1990). Immunization of owl 
monkeys with a combination of Plasmodium falciparum 
asexual blood-stage synthetic peptides. American 
Journal of Tropical Medicine and Hygiene 43, 355-66. 

RZEPCZYK, C. M., CSURHES, P. A., LORD, R. ft MATILE, H. 

(1990). Synthetic peptide immunogens eliciting anti- 



457 

bodies to Plasmodium falciparum sporozoite and 
merozoite surface antigens in H-2 b and H-2 k mice. 
Journal of Immunology 145, 2691-6. 
summers, m. d. & smith, g. e. (1987). A Manual of 
Methods for Baculovirus Vectors and Insect Cell 
Culture Procedures. Texas Agricultural Experimental 
Station Bulletin no. 1555. 

TOGNA, A. R. f DEL GIUDICE, G., VERDINI, A. S., BONELLI, P., 
PESSI, A., ENGERS, H. D. & CORRADIN, G. (1986). 

Synthetic Plasmodium falciparum circumsporozoite 
peptides elicit heterogeneous L3T4+Tcell 
proliferative responses in H-2 b mice. Journal of 
Immunology 137, 2956-60. 



J4-2 



NCBI Sequence Viewer! 



http://www.ncbi.nlm.nih.gov:80/entrez/q.. =Protein&list_uids=1346587&dopt=GenPept 



% NCBI 



99 9 



PubMed Nucleotide Protein 



mm 



• ®®© twAbo 99 ^ Protein 



Genome Structure PopSet Taxonomy OMIM 




□ 1: P04933 MEROZOITE SURFACE 
PROTEIN 1 PRECURSOR 
(MEROZOITE SURFACE 
ANTIGENS) (PMMSA) (P195) 



BLink, PubMed, Related Sequences, Taxonomy, LinkOut 



LOCUS 

DEFINITION 

ACCESSION 
PID 

VERSION 
DBSOURCE 



KEYWORDS 

SOURCE 

ORGANISM 

REFERENCE 
AUTHORS 



TITLE 

JOURNAL 
MEDLINE 
REMARK 

REFERENCE 
AUTHORS 
TITLE 
JOURNAL 
REMARK 

COMMENT 



FEATURES 

source 



MSP1_PLAFW 1639 aa INV 01-FEB-1996 

MEROZOITE SURFACE PROTEIN 1 PRECURSOR (MEROZOITE SURFACE ANTIGENS) 
(PMMSA) (P195) . 
P04933 
gl346587 

P04933 GI:1346587 

swissprot: locus MSP1_PLAFW, accession P04933; 

class: standard. 

created: Aug 13, 1987. 

sequence updated: Feb 1, 1996. 

annotation updated: Feb 1, 1996. 

xrefs: gi: gi: 9864 , gi: gi: 9865 , gi: gi: 84241 

xrefs (non-sequence databases) : PFAM PF00008 

Malaria; Merozoite; Polyprotein; Repeat; Signal; Glycoprotein; 

Transmembrane; GPI-anchor . 

Plasmodium falciparum (isolate WELLCOME) . 

Plasmodium falciparum (isolate WELLCOME) 

Eukaryota; Alveolata; Apicomplexa; Haemosporida; Plasmodium. 

1 (residues 1 to 1639) 

HOLDER, A. A., LOCKYER, M . J . , ODINK, K . G . , SANDHU,J.S., 
RIVEROS-MORENO, V. , NICHOLLS, S . C . , HILLMAN, Y . , DAVEY, L . S . , 
TIZARD,M.L.V. , SCHWARZ,R.T. and FREEMAN, R.R. 

Primary structure of the precursor to the three major surface 
antigens of Plasmodium falciparum merozoites 
(Nature 317 (6034), 270-273 (1985) 
86014355 

SEQUENCE FROM N.A. 

2 (residues 1 to 1639) 
HOLDER, A. A. 

Direct Submission 

Submitted ( ??-MAR-1991 ) to the EMBL/GenBank/DDBJ databases 
REVISIONS. 

On Jun 1, 1996 this sequence version replaced gi : 127335 . 

This SWISS-PROT entry is copyright. It is produced through a 
collaboration between the Swiss Institute of Bioinf ormatics and 
the EMBL outstation - the European Bioinf ormatics Institute. 
The original entry is available from http://www.expasy.ch/sprot 
and http://www.ebi.ac.uk/sprot 

[SUBCELLULAR LOCATION] ATTACHED TO THE MEMBRANE BY A GPI-ANCHOR 
(POTENTIAL) . 

[PTM] MEROZOITE SURFACE ANTIGEN CONTAIN THE SEQUENCE OF 83 KD, 4 2 
KD AND 19 KD ANTIGENS WHICH ARE THE MAJOR. SURFACE ANTIGENS OF 
MEROZOITES. THE MATURATION TAKE PLACE DURING SCHIZONT. 
Location/Qualifiers 
1. . 1639 
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AQUILA ANNOUNCES PHASE I CLINICAL TRIAL OF A MALARIA VACCINE THAT 
COMBINES QS-21 ADJUVANT WITH SPf66 ANTIGEN 

-Study is in collaboration with WHO- 

AWprc.estfr, MAy.D^ceniNrJ'f 19,97.-- Aquila Biopharmaceuticals, Inc. (NASD NMS: AQLA) 
announced' today' the initiation of a collaborative Phase I human clinical trial to evaluate the 
safety and immunogenicity of a promising malaria vaccine. The potential vaccine contains 
Aquila's proprietary immune enhancing Stimulono adjuvant, QS-21, and the synthetic peptide 
antigen SPf66, developed by Dr. Manuel Patarroyo. The trial is co-sponsored by the World 
Health Organization (WHO) and the Colombian Government, and is being conducted under 
the direction of Dr. Patarroyo, at Instituto de Inmunologia, with collaborators from Aquila 
Biopharmaceuticals and the University of Barcelona in Spain. 

"There is a critical need for development of a safe and effective vaccine to control malaria," 
said Dr. Howard Engers of the World Health Organization. "This trial is part of our effort to 
extend Dr. Patarroyo's earlier clinical research and evaluate potential vaccine enhancements. 
A vaccine incorporating SPf66 and QS-21 offers a promising approach to effective disease 
management. In preclinical studies this new combined vaccine product was superior to the 
SPf66 vaccine with alum, a conventional vaccine adjuvant." Dr. Engers noted that the WHO 
currently estimates that malaria kills between 1 .5 - 2.7 million people worldwide each year, and 
as many as one to two billion individuals are at risk for infection annually. 

"In this current SPf66/@S-2l malaria clinical trial, we hope to capitalize on the potent immune 
stimulatory activity of the Stimulono adjuvant QS-21," said Alison Taunton-Rigby, Ph.D., 
President and Chief Executive Officer of Aquila. "This trial is part of our overall program to 
apply QS-21 and the Company's proprietary Stimulon6 technology to the development of new 
improved vaccine and immunotherapeutic products." 

The SPf66 antigen in combination with alum has been tested extensively in human clinical 
trials. Although protection from infection was seen in some trials, inconsistent results were 
obtained. These results suggest that a more potent adjuvant is required. Preclinical studies 
conducted by Aquila and Dr. Patarroyo support the benefit of a combined SPf66/QS-21 
vaccine. In primate challenge trials, when SPf66 was administered in combination with QS-21, 
the protective efficacy rate was close to 60% as opposed to only 25% for the SPf66/alum 
vaccine. 

In this SPf66/QS-21 Phase I trial, 87 volunteers enrolled in five groups received the SPf66 
vaccine formulated with the QS-21 adjuvant, alum or various doses of QS-21 adjuvant with 
alum. Vaccination with three sequential subcutaneous injections will be used to determine the 
safety and immunogenicity of the potential product. The study is expected to be completed in 
approximately twelve months. 

Unlike most malaria vaccines tested to date, which are based on a single antigen and target 
one of three life cycle stages of the malaria parasite, SPf66 is a hybrid molecule that contains 
antigenic domains from two parasite life cycle stages. The SPf66 vaccine has been 
extensively tested in human field trials in both low- and high-disease transmission areas, 
including South America, Africa and Southeast Asia, and to date has shown a strong safety 
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profile. It is partially protective when administered in formulations with alum. 



Aquila Biopharmaceuticals, Inc. is a therapeutics biotechnology company located in 
Worcester, Massachusetts. The Company is developing and commercializing products which 
modulate the immune system for use in treating, controlling or preventing infectious diseases 
and cancers. Aquila's proprietary products include the Quilimmune™human products for 
pneumococcal infections, malaria and tick-borne diseases, and the Quilvax™animal vaccines 
for bovine mastitis, canine Lyme disease and feline leukemia. These products incorporate 
Aquila's Stimulon™adjuvants, which are also included in products under development by the 
Company's six corporate partners. 

Statements in this release which relate to expectations and objectives of management for 
future operations of Aquila Biopharmaceuticals, Inc., or which otherwise relate to future 
performance are forward looking statements. Actual results may differ from those projected as 
a result of product demand, pricing, market acceptance, economic conditions, intellectual 
property issues, competitive products, risks in product and technology development and other 
risks identified in the Company's Securities and Exchange Commission filings. 

For investor inquiries, please call (508) 797-5777 ext. 541. Aquila press releases may be 
found on the Internet at http://www.prnewswire.com (company news on call), or they may be 
requested by fax by calling (800) 758-5804 x1 34225. 

A backgrounder on Aquila's Malaria Vaccine Development Programs is available upon 
request. 

Contacts: 

Alison Taunton-Rigby, Ph.D. 
President and Chief Executive Officer 
Aquila Biopharmaceuticals, Inc. 
508-797-5777 

Robert Gottlieb or 
Douglas MacDougall 
Feinstein Kean Partners 
617-577-8110 
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HUMAN PHASE I / CHALLENGE VACCINE TRIALS OF 3 RECOMBINANT ASEXUAL 
STAGE MALARIA ANTIGENS 

Allan Saul 

The Queensland Institute of Medical Research. PO. Royal Brisbane Hospital, Queensland, Australia 

Two phase I yaccine,trials have been conducted to test the immunogenicity and safety of a^^i&llSl^iljfe 
Mllil^^ stageof P falciparum in Montanide ISA 720 Adjuvant. The 

\hr¥#n!ipflS-.a ; MSA-2 and portion of RESAJMSt^1« 

%flKS^^tl|§ns. RESA is present in merozoites and is associated with the red cell cytoskeleton following 
invasion. The Montanide ISA 720 adjuvant is produced by SEPPIC and is a metabolizable oil with a mannide 
mono-oleate emulsifier that has given promising activity in animal trials and developed for human use. These trials 
investigated the dose response of each antigen for eliciting both antibody and T cell responses and the efficacy of 
a mixture of the antigens compared with the antigens injected separately. The responses of the MSA2 component 
in Montanide ISA720 were also compared with the responses obtained in an earlier trial that used alum as the 
adjuvant. 

All three antigens elicited both antibody and T cell responses. Particularly strong T cell responses were observed 
with 190L and RESA. Stimulation indices exceeded 100 for peripheral blood leukocytes in some individuals. By 
contrast, the antibody responses, although significant, were substantially lower than had been observed in trials 
with small animals. The antibody responses observed with MSA2 were not significantly different in the volunteers 
in this trial with Montanide ISA720 adjuvant than previously observed with alum. No antigenic competition was 
observed: volunteers receiving a mixture of antigens had similar responses to those receiving the three antigens at 
separate sites. 

Following the initial trials, the vaccine was tested for its ability to decrease the initial growth rates of parasites in 
human volunteers in a placebo controlled, double blind trial. Twelve volunteers each received two doses, 6 weeks 
apart and containing 13 mg of each component. Five placebos received an equivalent volume of the adjuvant 
emulsion. Four weeks following the second vaccination, volunteers were challenged i.v. with approximately 100 
ring infected red cells of the 3D7 cloned line. Parasitaemias were determined daily from day 4 using a quantitative 
PCR assay [1] covers the range of 10 to 10,000 parasites per ml. All volunteers were treated on day 8, before any 
developed symptoms of malaria or parasites patent by microscopy. None of the vaccinees had a significant 
decrease in initial growth rates, nor was there any significant correlation between growth rates and any of the 
measured immunological responses. These results suggest that in naive recipients, formulations that result in 
significantly greater immunogenicity will be required before these antigens will be protective. Although the vaccine 
failed to show protection, the trial itself was a success since it gave a clear-cut estimate of the efficacy in this naive 
population. Importantly for future vaccine work, it demonstrated that the challenge system leads to reproducible 
infections in volunteers. We believe that this system could now be used for the testing of other asexual stage 
vaccines. 

This work was the product of a large team of people from The Queensland Institute of Medical Research, The 
Royal Brisbane Hospital, The Walter and Eliza Hall Institute of Medical Research, Biotech Australian, CSL Pty Ltd, 
Australia, F Hoffmann La Roche, Switzerland. It was funded with commercial funding from Saramane Pty Ltd and 
F Hofmann La Roche and with research funds from The Australian National Health and Medical Research 
Council, the WHO/TDR Program and the Rotary Against Malaria Program. 



1. Cheng et al, Am J Trop Med Hyg (in press) 
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